Background: Individuals diagnosed as having mild cognitive impairment (MCI) have a high likelihood of progressing to dementia within 3 to 5 years, but not all individuals with MCI progress to dementia. Prognostic uncertainty suggests the need for additional measures to assist the clinician.
C
LINICAL AND PATHOLOGIcal evidence indicates that older individuals who have significant memory impairment but are not demented may be in a transition phase between normal aging and Alzheimer disease (AD), often denoted as "amnestic mild cognitive impairment" (aMCI). [1] [2] [3] [4] [5] Patients with aMCI have a high likelihood of progressing to clinically probable AD within 3 to 5 years, 1, 6, 7 and current American Academy of Neurology guidelines suggest careful monitoring of these individuals. 8 The high population prevalence 1, 9 and clinical uncertainty of progression to dementia 1 suggest the need for additional measures to assist the clinician. 8 Bedside cognitive tests such as the Mini-Mental State Examination (MMSE) 10 are relatively insensitive to early detection of highrisk individuals, and current guidelines suggest the use of detailed neuropsychological testing to determine actual risk. 8 Neuropsychological testing procedures, however, are time-consuming, sensitive to extracerebral patient features (such as fatigue and pain), expensive, and not generally available to physicians practicing in a community setting.
Magnetic resonance imaging (MRI) is a commonly available tool with possible predictive value. Quantitative MRI studies suggest that hippocampal atrophy is present before dementia is clinically evident. [11] [12] [13] Prospective studies of patients with aMCI 11 find a 4-fold increase in the percentage of individuals converting to dementia within 5 years when hippocampal size was 2.5 SDs below age-and sexdefined reference ranges.
These findings support the utility of brain imaging in aMCI to predict progression to AD. For this method to be applicable in clinical practice, however, a simple and convenient method for reliable and reasonably accurate estimates of hippocampal size is required. Two studies 14, 15 using qualitative estimates of hippocampal size showed considerable promise but were limited to small groups of patients with aMCI in a retrospective and unblinded manner. For this study we tested the predictive abilities of a simple and reliable scale [16] [17] [18] [19] on a subgroup of individuals enrolled in an ongoing therapeutic trial for aMCI. 20 This study examined the efficacy of using donepezil hydrochloride, 10 mg/d, or vitamin E, 2000 IU/d, to delay progression of aMCI to dementia compared with placebo across 3 years. 20 Compared with the placebo group, there were no significant differences in the probability of progression to dementia in the vitamin E group or the donepezil group at the end of 3 years of treatment. We hypothesize that qualitative estimates of medial temporal atrophy (MTA) would significantly increase the likelihood of identifying patients with aMCI at risk for converting to AD above conventional clinical practice, which includes the history, neurological examination, and MMSE. The absence of a significant treatment effect for the study allowed us to combine participants across treatment groups to assess the ability of MTA measures to predict progression of aMCI to dementia.
METHODS

PARTICIPANTS
The details of study rationale, design, and participant characteristics for the parent study and the MRI substudy have previously been described in detail. 20, 21 In brief, 769 participants were recruited from 69 Alzheimer's Disease Cooperative Studycenters in the United States and Canada. Enrollment was based on the criteria for aMCI as previously described, 1 modified to use the logical memory II subtest of the Wechsler Memory Scale-Revised, 22 adjusted for educational achievement. 21 Additional requirements included a Clinical Dementia Rating scale score of 0.5 23, 24 and insufficient cognitive or functional impairment to meet NINCDS-ADRDA (National Institute of Neurological and Communicative Diseases and Stroke and the Alzheimer's Disease and Related Disorders Association) criteria for AD. 25 The study was conducted according to Good Clinical Practice guidelines, the Declaration of Helsinki, and the US Code of Federal Regulations Title 21 Part 50 (Protection of Human Subjects) and Title 21 Part 56 (Institutional Review Boards). Written informed consent was obtained from all the participants and from study partners who had knowledge of the participants' functional activities. A data and safety monitoring board reviewed the blinded safety data every 3 months during the trial.
A subset of 195 individuals underwent a research brain MRI examination at entry to the study as part of an ancillary study. 26, 27 These individuals were selected solely on the basis of their willingness to participate and the availability of suitable MRI equipment at the clinical sites participating in the parent trial.
MRI ACQUISITION
The imaging protocol for this study included a T1-weighted, 3-dimensional, volumetric spoiled-gradient recalled echo sequence with 124 contiguous partitions, 1.6-mm section thickness, a 22.0ϫ16.5-cm field of view, 192 views, and a 25°flip angle. The MRI data were transmitted from participating sites to a central data repository at the Mayo Clinic (C.R.J.), where imaging data were checked for compliance with the prescribed imaging sequences and then cataloged.
For this study, deidentified image data were transferred from the Mayo Clinic data repository to the Imaging of Dementia and Aging Laboratory at the University of California at Davis. Of the original 195 images, 5 were not read owing to technical difficulties, leaving a total of 190. Three additional individuals were lost to follow-up. Details of study participant recruitment, enrollment, and outcome are described in Figure 1 .
QUALITATIVE ANALYSIS
The MRI analysis was restricted to MTA estimates of the MRI at the time of study enrollment. Each MRI was rated using a previ- ously published qualitative rating scale [16] [17] [18] that assesses the extent of MTA by estimating the combined widths of the choroidal fissure and the temporal horn of the lateral ventricle and the height of the hippocampus in the coronal oblique orientation to derive 1 score based on 5 different categories ranging from 0 (no atrophy) to 4 (severe atrophy) ( Figure 2 and Table 1 ). The right and left medial temporal structures were rated separately, and an overall estimate was created using the average of the 2 ratings. All the images were rated under conditions common to conventional clinical radiologic interpretation.
Four neurologists (C.D., G.B.F., C.M.C., and P.S.) with considerable experience in the clinical diagnosis of AD but with varying degrees of expertise in qualitative analysis of MRIs separately analyzed each MRI. All the ratings were performed without clinical information (eg, age, sex, and progression status) other than the knowledge that they were enrolled in a clinical trial to study treatment of aMCI.
All the raters viewed coronal MRIs at 3ϫ magnified view on video monitors attached to computer workstations (Ultra 5; Sun Microsystems Inc, Santa Clara, Calif ) using locally developed viewing software that allowed the rater to view the image in a manner similar to that of a standard radiologic viewing console. Data were recorded directly into spreadsheet program (Excel 2000; Microsoft Corp, Redmond, Wash) files for analyses using statistical software (SAS Version 9; SAS Institute Inc, Cary, NC).
The MTA ratings proceeded in 3 consecutive steps. The first step consisted of an approximately 1-hour training session led by one of us (P.S.) where the 3 other raters were instructed on use of the rating scale through shared review and rating of 35 deidentified images selected from the Imaging of Dementia and Aging Laboratory archives previously confirmed to vary widely in MTA. After completion of the training session, each rater independently rated a second and unique group of 50 deidentified images selected from the Imaging of Dementia and Aging Laboratory archives and confirmed to vary widely in MTA to test interrater agreement. After statistical analysis found satisfactory interrater agreement (see the "Results" section), the raters rated the 190 images that compose the data set for this study.
STATISTICAL ANALYSES
The interclass correlation coefficient, which estimates the variability of different ratings of the same individual to the total variation across all ratings and all individuals, 28 was used to assess the interrater reliability of the qualitative scale. The primary outcome for this analysis was time of progression to dementia associated with MTA scores obtained at the time of study enrollment. Kaplan-Meier curves were used to illustrate differences in the pattern of progression between those scoring 2.0 or less and those scoring greater than 2.0 on the scale based on previous evidence that a score of 3.0 or higher is consistent with AD. 16 A second analysis based on modified criteria previously reported 29 also evaluated the patterns of progression based on MTA scores between 0 and 1.0 and those greater than 1.0. The results for each rater were examined separately as was a summary analysis using the mean qualitative rating score from the 4 raters. Because dichotomized measures based on MTA scores were used for the evaluation of clinical efficacy, we also computed statistics for the group using MTA cutoff scores of 1.0 and 2.0. 30 To evaluate the added independent effects of MTA measures, Cox proportional hazards models with MMSE were fit separately, followed by models with both MMSE and MTA measures. The independent effects of treatment and apolipoprotein E genotype on conversion to dementia were also examined in separate analyses. These models were used to assess the association of the dichotomized qualitative score with time to progression to dementia after adjusting for age, sex, education, and MMSE score. 31 Sensitivity, specificity, and positive and negative predictive values were also determined for MTA.
RESULTS
INTERRATER RELIABILITY
Interclass correlation coefficients for interrater reliability were calculated in 2 ways. First, each of the 3 less experienced raters was individually compared with the developer of the scale (P.S.) on right, left, and mean MTA scores. Interclass correlation coefficients for each rater pair were consistently greater than 0.82 and varied between 0.82 and 0.86. Second, all the raters were compared as a group. There was moderate to substantial agreement, 32 with interclass correlation coefficients of 0.81, 0.78, and 0.82 for right, left, and mean MTA scores, respectively. In addition, there was little variation across the raters despite differences in experience with the qualitative rating procedure. Group statistics 30 were also calculated using MTA scores of 1.0 and 2.0. Moderate agreements 32 of 0.53 and 0.47 were found for the group using MTA cutoff scores of 1.0 and 2.0, respectively. Raters rarely differed by more than 1 category of MTA score, and there were no systematic differences among the raters.
PARTICIPANTS
Of the 190 MRIs with data available, progression data were available for 187. Demographics of the individuals studied are summarized in Table 2 . Mean age, education, and sex distributions for this subsample were similar to those of the parent study, 20, 21 where the mean±SD age was 72.9±7.3 years, the mean±SD educational achievement was 14.7±3.1 years, and women made up 45.8% of the sample. Baseline mean ± SD MMSE scores were nearly identical between the parent study (27.3±1.8) and the MRI substudy (27.5±1.8). Randomization by treatment arm for this subset of individuals was also nearly identical, with 32.1% randomized to donepezil, 31.1% to vitamin E, and 36.8% to placebo. A total of 66 participants (33.7%) in the MRI group progressed to dementia during the 3-year observation period. After adjusting for person-years of observation, this resulted in a 16.1% yearly rate of progression to dementia for the group, nearly identical to that of the full cohort from the parent study. 20 Participants who progressed to dementia were older than those who remained at aMCI throughout the study but had similar educational achievement and sex distributions (Table 2) . Participants who progressed to dementia had significantly higher mean±SD MTA ratings than did those maintaining an aMCI diagnosis (1.15±0.75 vs 0.84±0.59; P =.002), indicating greater MTA atrophy at the time of enrollment in the study. Mean±SD MMSE scores were significantly lower at baseline for patients who progressed to dementia (26.8 ± 1.86 vs 27.9 ± 1.70; PϽ.001). The MTA ratings also significantly correlated with MMSE scores (r = −0.20; P = .005). Alzheimer disease was the clinically determined cause of dementia at 
DISTRIBUTION OF MTA RATINGS WITH aMCI
The distribution of ratings is graphically illustrated in Figure 3 and varied from 0 to 4 for the individual raters. Consistent with previous qualitative ratings of patients with aMCI, 15 no subject consistently received a rating of 4 across all raters, limiting the maximal average rating to 3.1. Only 15 subjects (7.9%) had a mean MTA score greater than or equal to 2.0, and only 12 (6.3%) had a mean MTA score greater than 2.0, indicating that severe MTA [15] [16] [17] [18] was uncommon, whereas 79 subjects (41.6%) had a mean MTA score greater than or equal to 1.0 and 70 (36.9%) had a mean MTA score greater than 1.0.
MTA AND PROGRESSION TO DEMENTIA
As noted in the "Participants" subsection, the overall progression to dementia was 33.7% during the 3 years of the study. Increasing MTA ratings were associated with an increasing percentage of individuals progressing to dementia. For individuals with a mean rating of 1.0 or less, only 29.1% progressed to dementia, whereas for those with a mean rating greater than 1.0, 45.7% progressed to dementia; for 2.0 or greater, 60.0% progressed to dementia; and for greater than 2.0, 75% progressed to dementia.
KAPLAN-MEIER CURVES
Kaplan-Meier curves were used to illustrate progression patterns according to MTA ratings where substantial atrophy was defined as an MTA score greater than 2.0 for the mean of the group ratings (Figure 4) . Individuals with MTA scores greater than 2.0 had a hazards ratio (HR) of converting to dementia that was 2.30 (95% confidence interval, 1.09-4.92) times that of an individual with more modest atrophy (␤=0.84; SE=0.38; P=.03) after adjusting for age, education, sex, and baseline MMSE performance. Similar analyses using MTA scores greater than 1.0 revealed an HR of converting that was 2.30 (95% confidence interval, 1.33-4.08) times that of an individual with more modest atrophy (␤=0.84; SE=0.29; P=.003).
The MMSE scores were also significantly associated with increased likelihood for progression from aMCI to dementia. After adjusting for age, education, and sex, a difference of a 1-U increase in the MMSE score was associated with a 25% reduction in the likelihood of progression to dementia (␤=−0.31; SE=0.08; PϽ.001; HR, 0.73; 95% 
The effects of treatment group and apolipoprotein E genotype were also separately evaluated. Including treatment group in the analysis with age, education, and sex did not substantially change the HR of converting to dementia using MTA cutoff scores of 1.0 (HR, 2.64; PϽ.001) and 2.0 (HR, 3.14; P = .003). Including apolipoprotein E genotype in the analysis marginally reduced the HR of converting to dementia using MTA cutoff scores of 1.0 (HR, 2.34; P=.003) and 2.0 (HR, 2.44; P = .02). Table 3 summarizes individual performance using unadjusted MTA cutoff scores of 1.0 and 2.0. The ability of the individual raters to predict progression to dementia was generally significant but somewhat variable. Using a cutoff score greater than 2.0, HRs varied from 2.0 to more than 5.0 but were less consistent among raters, whereas using a cutoff value greater than 1.0 we found more similarity in the group and closer correlation with the group mean measure. These differences likely reflect variability among raters for the relatively small number of MTA scores greater than 2.0.
SENSITIVITY, SPECIFICITY, AND POSITIVE AND NEGATIVE PREDICTIVE VALUES
Sensitivity, specificity, and positive and negative predictive values can be used to estimate the added value of MTA ratings in addition to the clinical designation of aMCI. Using a cutoff MTA score greater than 2.0, sensitivity was 14%, specificity was 98%, the positive predictive value was 75%, and the negative predictive value was 69%. Using a cutoff MTA score greater than 1.0, sensitivity was 51%, specificity was 69%, the positive predictive value was 46%, and the negative predictive value was 73%. These results support the observation that many fewer individuals with low MTA scores (Յ1.0) progressed to dementia (29.1%) compared with the 60.0% with MTA scores of 2.0 or greater or the 45.7% with scores greater than 1.0.
COMMENT
These results suggest that estimates of MTA convey added value to routine clinical evaluation of individuals with aMCI most likely to progress to dementia within 3 years. Although previous studies 14, 15 have reported similar results, to our knowledge this is the first such study to evaluate the added impact of MTA ratings in a prospective and blinded manner.
The predictive power of these results is also comparable to previously reported quantitative analyses. For example, in 1 study 11 an HR of 1.45 was reported for each 1-U decrease in the hippocampal W score (increase in atrophy) for progression to AD. This suggests that quantitative and qualitative ratings of MTA may have similar abilities to predict outcome in patients with aMCI. Qualitative ratings, however, have the additional advantage of being easy to perform in the clinical setting while retaining high interrater agreement.
The present results might also benefit the clinical evaluation of patients with memory complaints that may or may not meet the strict criteria for aMCI. Complaints of memory impairment are common in the elderly, 33 making it difficult to distinguish the very earliest features of AD from other disorders. Epidemiologic studies 1,9 also suggest that aMCI is relatively common, with a prevalence of 3% among individuals 65 years and older. Because AD is associated with increased health care costs 34, 35 and current treatments are known to be clinically effective even when the disease is mild, 36 the ability to distinguish individuals at greatest risk for future dementia from the host of individuals visiting a clinical practice with memory complaints is likely to result in public health benefits through increased monitoring, education, and timely treatment.
Although this study focused on a highly select group of individuals who met strict research criteria for aMCI, these results may still translate well into clinical practice where subjective memory complaints are common, but the time and resources to adequately evaluate these common complaints are limited. Sensitivity and specificity are also important. In this regard, use of a high MTA cutoff score, such as greater than 2.0, although infrequent in this study, was associated with a high rate of progression to dementia (75.0%) and a specificity of 98%, which compares favorably with quantitative measures of the hippocampus. 11, 26 Although relatively insensitive, the high specificity of this measure is ideal for application to general clinical practices that favor a more conservative approach.
The strengths of this study include the blinded prospective nature of the study design, inclusion of a welldefined patient cohort, and detailed surveillance by physicians with dementia experience. In addition, the method used is simple, has good reliability, and could be easily translated into standard clinical practice. Weaknesses of this study include the select nature of the study cohort, which included well-educated individuals who had moderately severe episodic memory impairments and a clinical course suggestive of early AD. 5 In addition, the present results indicate that experience in using the scale may have a modest effect on the predictive value of the scale, particularly when using a cutoff score greater than 2.0. At least some of the differences among the raters reflect the study design, which included only a few participants (n=15) with mean MTA scores greater than 2.0, thereby exacerbating differences in outcome with only small differences in ratings. In conclusion, these data show that use of a relatively simple, clinically applicable MTA rating scale significantly increases the likelihood of identifying individuals with aMCI who are destined to progress to dementia within 3 years above standard clinical evaluation, which includes MMSE testing. The method is easy to use and reliable, characteristics that offer the potential for use in routine clinical practice. Given the increasing prevalence of AD in our aging society 37 and the potential benefits of early diagnosis and treatment of AD, 38 we believe that this approach may be useful for identifying patients with aMCI at high risk for progression to AD.
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